The structure and spectroscopic data of the molecules in the ground state were calculated using density functional theory employing B3LYP/6-311++G(d,p) basis set. The dipol moment, linear polarizability and first hyperpolarizability values were also computed using the same basis set. A study on the electronic properties, such as HOMO-LUMO energies, were performed by time-dependent density functional theory approach. A detailed description of spectroscopic behaviour of compounds was given based on the comparison of experimental data and theoretical computations.
Introduction
The molecular prototype of an aromatic carboxylic acid is benzoic acid (BA). It is the simplest aromatic carboxylic acid, and it is also one of the most important acids in chemistry [1] . Derivatives of benzoic acid have been the subject of investigation for many reasons. Derivative of benzoic acid is an essential component of the vitamin complex [2] . 2-Aminobenzoic acid is known as vitamin L, whereas 4-Aminobenzoic acid is known as vitamin B and bacterial vitamin H. Vitamin B complex is a group of water-soluble substances including possible 4-Aminobenzoic acid, which is known as antibacterial agent [3] . Vitamin B complex is used in miticides, contrast media in urology, cholecystographic examinations and in the manufacture of pharmaceuticals [4, 5] . Therefore, BA and derivatives have been the subject of several studies the last three decades.
Experimental and theoretical quantum chemical studies of benzoic acid and of the substituted benzoic acids have been carried out by various researches. The geometric parameters and vibrational wavenumbers of benzoic acid have been recorded in [1] . The crystal structure of 2-Amino-4-Chlorobenzoic acid (2A4ClBA) [6] and 4-Amino-2-Chlorobenzoic acid (4A2ClBA) [7] were published. A detailed structural analysis of 2-Amino-5-Chlorobenzoic acid was carried out by Karabacak and Çınar [8] . Samsonowicz et al. have recorded the effect of amino group substituted at 2-, 3-, 4-position of benzoic acid [3] . Sundaragenasan et al. [2, 4, 9, 10] have recorded the FT-IR and FT-Raman spectra of 2-Amino-4,5-difluorobenzoic acid, 5-Amino-2-Chlorobenzoic acid, 5-Amino-2-nitrobenzoicacid and 2-Chlorobenzoic acid. * corresponding author; e-mail: haliloturak@sdu.edu.tr
The aim of this paper was to determine the geometry and theoretical spectroscopic (FT-IR, FT-Raman, 1 H and 13 C-NMR, UV-Vis) structures of 2A4ClBA and 4A2ClBA and to compare them with experimental data. In addition, HOMO and LUMO energies of title molecules are presented.
Experimental details
The compounds of 2A4ClBA and 4A2ClBA in solid form were purchased from Sigma-Aldrich chemical company (U.S.A.) with a stated purity of greater than 98%, and were used as such without further purification. The FT-IR spectrum was recorded using KBr pellets on a Perkin Elmer Spectrum BX FTIR spectrophotometer in the region of 4000-400 cm −1 . The FT-Raman spectrum was obtained on a DXR-Raman microscope in the region of 3500-12 cm −1 . The 1 H and 13 C NMR were taken in DMSO solutions on a Bruker Ultrashield 400 Plus NMR spectrometer. Proton and carbon signals were referenced to TMS. UV-Visible analyses were carried out with a Perkin Elmer Lambda 20 Spectrophotometer. All spectra were measured at room temperature.
Computational details
Gaussian 09 [11] software package was used for the theoretical calculations. The quantum chemical calculations were performed applying the density functional theory (DFT) method, with the B3LYP functional and the 6-311G++(d,p) basis set. Since B3LYP vibrational wavenumbers are known to be higher than the experimental wavenumbers, as a result of the neglected anharmonicity effects [12] , they were scaled down by a uniform scaling factor of 0.983 for wavenumbers up to 1700 cm −1 and of 0.958 for wavenumbers greater than 1700 cm −1 [13] . The scaled wavenumbers, in general,
show good agreement with experimental ones. The geometry optimizations were followed by frequency calculations using the same basis set. Also, the same basis set and functional was used for the 1 H and 13 C NMR shielding constants calculations by applying the GIAO (gauge-including atomic orbital) method. UV-Vis spectra and electronic properties were determined by timedependent DFT (TD-DFT). The results were visualized using Gauss View program [14] . Total energy distribution, corresponding to the observed frequencies, was calculated using VEDA 4 program [15] .
Results and discussion

Molecular geometry
The optimized molecular structures of 2A4ClBA and 4A2ClBA, calculated using DFT theory at B3LYP/6-311++G(d,p) level are shown in Fig. 1a and b. Experimental crystal geometry for the title compounds has been reported by Farag et al. [6] and Khan [7] . The geometrical parameters, such as bond length, bond angle and dihedral angles, are compared with the x-ray data of title compounds, shown in Table I . The optimized and experimental crystal structure shows significant degree of agreement. 
Conformer analysis
The structure of the molecules, with numbering scheme for the atoms and torsion angles, is presented in Fig. 1a and b. We have performed the potential energy surface analysis on the rotations θ (C5-C4-C8-O12) and φ (C4-C8-O12-H11) torsion angles, scanning from −180
• to 180
• in steps of 10 • . Potential energy surface scan studies have been carried out by DFT calculations using 6-31G(d) basis set ( Fig. 2a and b) for both molecules. Basis set 6-31G(d) was used because there were some computational errors in high sets. The most stable conformers were obtained with the energy of −935.7790 a.u. (−25463.85 eV), and with the torsion angles of 180
• (ω) and 180
• (ϕ) for 2A4ClBA and −935.7650 a.u. (−25463.47 eV), and with the torsion angles of 180
• (ϕ) for 4A2ClBA, respectively. The computational processes were then followed by the geometry optimization, carried out using DFT/B3LYP/6-311++G(d,p) level of theory. The energy of the most stable conformer and dihedral angles (θ, φ) were found to be −935.9545 a.u. (25468.63 eV) and −935.9409 a.u. (25468.26 eV) and 0.8906
• , −179.80
• and −179.02
• , 179.93
• , respectively. 
Vibration analysis 4.3.1. C-H vibrations
The characteristic C-H bands in aromatic compounds are investigated in three distinctive regions [16] . The asymmetric and symmetric C-H stretching bands appear in the 3100-3000 cm −1 range, the in-plane C-H stretching bands in the 1275-1000 cm −1 and the outof-plane C-H stretching bands in the 900-650 cm −1 range [16, 17] . As a result of the theoretical calculation of vibrational frequencies of 2A4ClBA molecule, the 3115 cm 
C-C ring vibrations
C-C ring stretches in aromatic compounds appear in the 1600-1400 cm −1 region [20, 21] . In this study, according to the calculation based on DFT-B3LYP-6311++G(d,p) basis set, ring stretches were assigned to 1549 cm Inplane and out-of-plane C-C stretches are a characteristic region for ring vibrations [22] . These vibrations frequently overlap with C-O-C, O-C-C vibrations. In the present study, in-plane and out-of-plane ring stretches, which were observed at the 208, 301 and 498 cm 
C-Cl Vibrations
When C-Cl stretching, in-plane and out-of-plane bending vibrations were assigned, they were compared with those of similar molecules as 2-Chlorobenzoic acid [10] , p-Chlorobenzoic acid [21] , 5-Amino-2-Chlorobenzoic acid [9] and 2-Amino-5-Chlorobenzoic acid [8] . Shurvell [16] and Stuart [23] (26) ] for these molecules were assigned as out-of-plane C-Cl stretches. The theoretical data, related literature and experimental data seem to be overlapping. N15-C3-C2-C1 178.90 (7) 179.0249 
NMR analysis
The 13 C and 1 H theoretical and experimental chemical shifts and the assignments of 2A4ClBA and 4A2ClBA are shown in Table II . In recent years, GIAO computational method has became efficient in predicting chemical shifts of various organic compounds [26] . In this study, the optimized structures of 2A4ClBA and 4A2ClBA are used to calculate the NMR spectra using the DFT/B3LYP method with 6-311++G(d,p) level using the GIAO method. The result in Table II shows that the range of 13 C NMR chemical shift of the typical organic molecule usually is > 100 ppm, which ensures reliable interpretation of spectroscopic parameters [27, 28] . In this study, 13 C NMR chemical shifts in the ring for the title molecules are > 100 ppm, as expected. When structures of molecules are searched the peak of carbon is seemed in downfield. A nearby electronegative atom withdraws electron density from the neighbourhood of the proton, so NMR signal of such deshielded proton will appear downfield [29] . Chemical shifts that belong to C(8) are the lowest of other atom in the molecules, because of the oxygen being more electronegative compared with nitrogen and chlorine. The agreement between the experimental and theoretical chemical shifts in 13 C and 1 H NMR spectra is very good.
UV-Vis studies
On the basis of fully optimized ground-state structure, the TD-DFT-B3LYP-6311++G(d,p) method was used to determine the low-lying excited states of 2A4ClBA and 4A2ClBA. The calculated excitation energies, oscillator strength f and wavelength λ and spectral assignments were carried out and the results were compared with measured experimental wavelengths given in Table III. According to the calculation results, three sharp electronic transitions were observed fort title molecules (335, 256, 245 nm for 2A4ClBA in chloroform and 294, 279, 252 nm for 4A2ClBA in dichloromethane) in good agreement with the measured experimental data. According to Franck-Condon principle, the maximum absorption peaks correspond in an UV-Visible spectrum to a vertical excitation [30] . In most cases the application of absorption spectroscopy to organic compounds is based on transitions for σ or π electrons to the π * excited state, because the energies required for these processes bring the absorption peaks into an experimentally convenient spectral region (200 to 700 nm). The molar absorptivities for peaks associated with excitation of the σ→π * transitions are generally low and ordinarily range from 10 to 100 l cm −1 ; values for π→π * transitions, on the other hand, normally fall in the range between 1000 and 10000 l cm −1 [31] .
The most important orbitals in molecule are the frontier molecular orbitals, called highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). The calculated energy value of HOMO is −0.22892 and −0.22640 eV, for 2A4ClBA and 4A2ClBA, respectively. LUMO is −0.07376 and −0.06734 eV, for 2A4ClBA and 4A2ClBA, respectively. The value of energy separation between the HOMO and LUMO are −0.1556 and −0.15906 eV, for 2A4ClBA and 4A2ClBA, respectively.
